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At)strfict.
A variety of evidence suggests that at least 50% of low-mass stars arc  surrou]ldccl by disks

of the gas and dust similar to tbc  nctrulrt that surrounded tbc SUII, before  the forl[lation  of the
planets. ‘II]IC properties of tbcsc  disks Inay bear strongly 011 tbc way in w}licll planetary syste~lls
form and evolve. As a result of major instrumental developments over tbc  last dccadc,  it is Now
possible to detect and study the circrrmstcllar  environments of very yourlg, solar-type stars irl
some detail, aud to compare tbc results with theoretical II Iorf&  of the  early  solar systcrll,  For
cxanlp]c,  milli]r)ctet-wave aperture synthesis imaging provides a direct ~[lcans of studyirlg  in detail
tbc ]t]orpbology,  tcrr)pcraturc  arid dc]lsity  distributions, velocity field a]ld clle][lical co]lstitucl(ts
ir[ the outer disks, while high resolutio]l, ]Icar infrared spectroscopy probes the  inner,  warmer
parts; tbc mlcrgcllce  of gaps iri the disks, possibly reflecting the  formatiou  of planets, ~[lay be
rcflectcd  in the variatior[  of tbcir dust continuum c][lission with wavclcrlgth.  }Vc rc:view progress
to date and discuss likely  directions for future research.
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1 I n t r o d u c t i o n

Stars like the sun for]n in dense, 10 5- 107 c m- 3 , cool, IO - 35 K conce]itratiolls
ill iIlterstellar  molecular clouds (e.g. }leIIsoII  & Myers 1989;  Myers & l’uller  1992).
‘1’hese  slowly ITJtatill~  corm, i]litially rangiug  i]) size frCIIII  thousa]lcls  of AU to teritlrs

of a parsec, becoIrle gravitatimla]ly  unstable and collapse to produce a cclitral
co] LdeI1sation  a proto-star surrou]lcled  by arl accretio]l  d i s k ,  aIld eIrlbedcled
irl arI envelope of still -i]lfalli]lg  gas arId dust (cj Shu (t al, 1987: ]993). over a
period of about 105 years, the proto-ste]lar  core gradually increases in ]nass a.lld a
strong wind develops, breaki Ilg through the e]lve]ope at the rotational ]Joles  of the
star-disk syste]l]  in two o~)})ositc:ly-clilectecl  outflows. E]lsui]lg dissi])atic)ll  of the
obscuring ma,teria]  resu]ts in the e]nerge]lce  of a visible star with a circul[lstellar
disk. Current theories of solar system forInatioIl  suggest that the for]llatio]l  of
]Jlarletesima]s  aIlcf eve]ltually plaIlets took place in such a disk (cj Safro]iov  1991).

As a result of recent instrume]ital  advances,  the circu]llstellar  disks still asso-
ciated with very you IIg stars earl IIOW be observed, Many af)pear similar to the
pre-solar  nebula, the disk of gas and clust that surrounded the SUII ill its iIifaIlcy,
4.5 x 109 years ago, and from which the planets  for]ned  (cjl,in  & l’al)aloizou  1985;
Safrollov 19!31  ), Studies of these I)re-plarleta,ry  disks ]nay therefore sup])ly clues
to how the prese]lt solar systeI[]  evolved. III addition,  they provide a ]r]ethod  of



esta,blishillg  how ofterl  other  ])la.llctary  systclrls  {Jccu  I. l>or the  present ,  th i s  calI-

not be determined by searching for IIlatum planetary  syste]us since II IaIIy f~c.tors,
IIotably the sIna,ll  surface arm of plmlets arlcl the eIIorIIIous  contrast iII brightness
betweel] them and their  ccultral  stars, ])rcvellt  direct observa.tioll  of p]ariets  aroullcl
(JtheI Sta.IS.

2 Detecting Disks

We car] estimate the properties of proto-planetary  disks by extrapolating froln the
~~resellt  solar system. ‘1’heory suggests that the IIlass of the y(JuIIg solar IIebula
was at least 0.01 h40 (I,in & l’apa]oizou ~!385; SafroIlov  1991). Co-planarity aIIcl
co-revolution of the pla]let,  s iIIIply a. highly-flattened disk with diameter of order
100 A[J, the approxiriiate  diallleter  of }’luto’s  orbit. ‘1’he velocity field should be
Keplerim,  of the form v cc T-o”s. I]xpected disk surfacw teln])eratures  at about 1
AU froln a, you IIg, solar-type star cab be 110 IIlore tha]l a few x 100 K, dcxrea.s-
ing with increa.sillg  radius  to a few x 10 K. l)isk obscrvatio]is  are therefore best
undertakelj  at the iIlfrared arid lnillilneter wa.velerlgths where relatively COOI dust
grains preferentially elllit. Spectra] li]le el[)issioll  froIn a wide variety of II)olecular
species is a,lso found at lrlillilrleter  wave]cagths,  allowing importarlt  analyses of disk
velocity structure.

our understa,ndillg  of pre-planetary  disks has benefited ellorluously frolll  tech-
nological clevelopIrleIrts  over the last clecade  that have irrlproved  s]wctral arlcl spa-
tial resolution, as well as se]lsitivity in the illfra.red  arid I[lillilllcter-\  va.ve bal]ds.
Observa.tions with the infrared Astrollolrlical  Satellite (IRAS),  launched  in 1983
to survey the entire  sky at waveleligths of 12, 25, 60 and 100 pin,  have had a. llla-
jor impact. !l’he high-sensitivity IRAS l[leasll]c:r[~el[ts  cle[l[ollstratecl  that as I[ia.r}y
as 30% of nearby  A stars,  iIrcludi  Irg Vega, elnit collsiclerab]y  Inore infrarec]  radia-
tion than is ex~)ected  froln the stellar photos phere alo]ie  (AuInalrll  ct al, 1984:
Gillett  1986; Hackman  & Gillett  1987). A l though  these stars are allnost as old
as the SuIr, typically a few x 108 years, the “Ve~a phelrome]lon>’ is attributed to
orbiting clust  particles; optical coroIla-graph  observatio~ls  of one such object, ~
l’ictoris,  reveal that the dust lies ill an edge-w] disk with radius Irla,lly  huIldreds
of AIJ (Smith &, ‘1’errile  1984).  ‘1’he considerable body of observatiolral  data that
IIOW exists suggests that 10-5 Jfo disks, perhaps the residue of pla]let forj[la,tioll,
surrou  Iid Vega- type  stars  (c~ IIecklill &, ~,uckerlr~all  1990; l,agralrge-lle~lri  et al.
1990; ‘1’elesco  & Knacke  1991; Hoggess  ct al. 1991; Chini  et al. 1991; HackmaIl  &
l’aresce  1993).

~’he IRAS observa.tiojls  of very you IIg (3 x 105 to 3 x 1(17 years) sola,r-lnass stars
also show excess infrared elrlissioll  that can be attributed to circulnste]lar  disks
(Adams et al. 1987; 1988; Stro]n ct al. 1989).  Lfa]ry other features ~x!culiar to
these ‘-l’ ‘1’auri  stars, including enharlced infrarec]  aud ultraviolet fluxes, asymInctric
elnissioll  lilie profiles, opticaj jets arid bipolar Irlcdecular  outflows, are also readily
explained if disks of radius N a few x 100 AIJ are preselit (cj AppeIlzeller  &
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hlu]lc]t  ]!HN; ~ertout  ]g8g;  ~dWiildS ct d. 1993) .  III the lIearest star-forI[lill,g
clouds, at 140 ]JC distance, ]()() AIJ (X1l’1’eS])OIldS  to ().7”. Colifirlnatiml of disk
morphology and detailed ilivmtigatiolls  ofclisk ]~Io])ertiest  hereforer  ~!quireil  I~a.giIig
at a.rcsecoIlcl  spatial resolutioIi. Gross properties call, however, be derived by
colnpa.rin.g  lower resolutio  Il observat,  ions of the IIea.r-infmred  to I[lillill~[!tt:r-w’avt:
dust colltiIluuI)~ e]nission  with those mpcctwl  for star-disk systems (see Hecliwith
& Sargent 1993a, and refereIlces  tl~c~reill).  lJsillg  tllistecl~Tlic]  ue, largc!I  luIl~lJersof
stars call be searchecl quite ra~)idly for the dust ccmtilluuI[l  racliatimi  typical of
disks. Spectral eIiergy  distributions (S1;11’s) based on IRAS flux measureIIleIlts
(Stromcta  L 1989)aI~dl RAh430-]llet(')  telesco~)cob servatiollsatw  avelcIlgthA=
1.31mn (Heckwith  dul. 1990), iIrlp]ythat  disks surrou Ild atlcast  50%ofl learby
‘1’ ‘1’auri stars.

At wavelengths shortward of 100 pin, the dust elnission  is optica]ly thick a.~ld
t he  SF,l)’S give the disk radial  tclllperature  distributio]ls,  ‘J’o(r/ro)–~;  ol)tica]ly
thi Ii c)nissioll  at sub-l[)illimeter  and Inilli Ilieter  wraveleIlgths  is sensitive to the disk
Inass, Nld. Beckwith ct al. (1990) derive disk telnperatures between 50 aIId 400 K
at 1 AIJ froIn the star;  the power law i]ldcx  of the teInl)erature  clistributicnl,  q, is
betwecI) 0.5 a,Ild 0.75; outer radii are typically a few x 100 AIJ; ]nasses, Md, are
be t  wee~l  ().()03  and 3 A40. ‘1’hese pa.ra~lieters  are coIisisteIlt  with the preswlcx: of
l)re-plaIietary  disks. Adams d al. (1990) obtain  higher values  of h~d for a, slnaller
sample of ‘1’ ‘1’auri  stars, using a lower adopted value of Ku, the Inass  o~)a,city

coefficient. Ac]opted values for I-cV vary widely cfl]eckwith  .& Sargent 1991 ); w’ithi~l
the uIlcerta,inties,  Md is iIl lnost cases greater than  required to forln the millimu]n
IIlass solar l~ebula.  ‘J’bcsc  pre-plallctary  disks are very different from the ‘debris’
disks that surround  the older, Vega-type stars; masses, for exalllp]e, are orders  of
Irlagl[itude  higher. l;volutioIl  between these extreInes should, ill pri Ilciple, reflect
the WO]UtiOll  Of the S~J]aI’  SySteI1l.

3 Investigating Disk l’roperties

nigh resolution Itlillil[leter-  waveleIIgtll  line and ccmtiIluu Ill obscrvatioIls  CaII di-
rectly confirm the disk nlorpho]ogy inferred from low resolutioIl  surveys aIld es-
tablish if the gas is moving in KcpleriaIl  orbits, as would be expected for a reservoir
of material froIn which pla]lets forlll. If the disks are indeed proto-p]anetary  iI~
~lature,  Inore detailed studies of their physical aIld che Inical characteristics are
required for com])arison with Il]odels  of ~)lanetary  systeln formaticm and evolutioa.

MilliIneter-wave  iliterferoI[leters  that call provide the required resolution began
operation in the 1980’s, and disk-like structures arou I~d a few very you IIg objects
have been mappec] (Heckwith  et al. 1986; h~ulldy  ct al. 1986;  1992;  SargeIlt &,
Hcckwith 1987: 1991;  WeiIltraub,  MassoIl  & Zuckerman  1989; SargeI~t  ct al. 1989;
W a l k e r  ct al. 1990; Ohashi et d ]991; Simcm & Guilloteau  ]992; Kawabe  et al.
1993; KoerIler  ct CL1.  1993a;  1993b;  S a r g e n t  & Heckwith 1 9 9 3 ) .  l“igures la mid
1 b are 2.7” resolution iI[lages  of the low velocity l:]C() (] +()) eInissioIi  from the



4 A. 1. Sargent aItcl S. V. W. IIeckwith

lroelxr ~’ -~—–——––””—”  “-–

,. .... . ,, ,r,,.,
s -..
In 07’4s - d

‘L.
m ,. ..:

/ .-
E . ~jn

(

8

:. ..’
- .’,

z

@

..0 . ..-.
0 ‘. ...
1=<
z 3cr -

0

; o HL Tauri
C3 o ‘3C0 (1 -+0)

.13
07’15 “-

@o sS,,dv
-)3

! ~—.–~~.

04h28m4610 45!0 44?0 43!0

r,

2mo’rKr
F

DG Tauri
‘3C0 (1-+0)*

I

i - (7
q‘o.:rAJ k,> (_,..,,~

/ “ .  , . . ’
‘, “;: ‘ p> (j)‘, ~\

25”59’30’ 4!: ’.;
‘w \ ‘.

. .  - . , //,P - ]
.

:. 21 0]
1s-0:’~~. —

04??4”0310 02?0 01.% 04h2&3.%

RIGHT ASCENSION (1950)

Fig. 1. Maps of the distributions of low-velocity (v,Y, + 1.3 km S-l), ‘3 CC) (]+0) ~rllission
around a) HI, l’auri  and b) DG ‘J’auri. In each map a cross represents the position of the star.
Contours begin at 60 mJy (2u)  and are spaced by 30 mJy. In maps that include contributions
from the higher velocity gas, emission is unresolved and concentrated within the highest central
contours shown above.

“1’ Tauri  stars HL lauri and l)G Tauri,  l’or velocities, v(systemic)  ~ 1.3 kln s-l,
both show elongated gaseous structures extending to radii of almost 2000 AU. in
each case, high velocity gas, and also the A = 2.7 mm dust continuum emission,
is confined to an unresolved core, < 200 AU in radius, centered on the star, Disk

13C() fluxes are N 0.1 &f@, for HI, ‘i’au, and 0.04- tomasses calculated from the
0.05 M@, for DG Tau, in good agreement with the values derived in the lRAM
survey of 1.3 mm dust continuum emission (Heckwith et al. 1990). Stellar ages
are a few x 105 years, as anticipated for stars supporting pre-p]anetary systenls.

TO date, evidence for Keplerian velocity structure in the disks associated with
young stars is compelling but not unambiguous. A simple analysis of the velocity
pattern in HI, Tau suggests a circumstellar  disk of gas is in Keplerian rotation
about the star (Sargent & 13eckwith  ]987; 1991). Studies of the velocity structure
in DG Tau are not yet complete, but the fact that high velocity gas is concentrated
in a core while the low velocity material is extended as shown in lJi.gure  lb, is
consistent with gas in Keplerian orbits (Sargent & Beckwith 1993).



A persistent probleln is caused  by contributions  to the C() aJld ‘3C0  er[lissioll
from the ambient clouds in which most of the ‘J’ ‘] ’auri stars  are found. l,argc!-scale
cloud structure (~ 15”) is resolved  out by the I[lilli  Illeter-wwve  iIlterferolneters,
but slllaller-scaJe  features in t}~e iliholnogeIleous  cloud are detected as a result of
the eIlhallced sensitivity. ‘1’his IIIakes it ctiflicult  to colnplctely isolate the veloc-
ity structure of ally disks. Aperture synthesis observatio  Ils of Iriolecula,r  slmcics
that trace only denser gas should, in principle, alleviate the problenl.  ‘] ’he lower
rotational transitions of CO are excited at densities an order of IIlagllitude lower
than required to produce CS (2–+ 1 ) c]nissioll. IInagil]g  of the dense disks ill the
IIlillimeter-wave  spectral lines of the CS I[lolecule  should therefore discril[lillate
against more diffuse alnbiellt  cloud features.

lnterfero)lletric  CS (2+1) observations of H], a]ld 1)(1 ‘l’au are re]jorted  by
Ohashi  et a]. (1991), ‘l’he CS (2+1) emissio], around H], ‘J’au  has also bee],
Inapped  by Blake ct al. ( 1992). l;xtended  structures with radi i  2000 AIJ are
observec]l  but ill Ileither  case is  the gas ceIltered  0 1 1  t h e  s t a r s ; t h e  displacerrle]lts,

~ 3 - 5“, are significant. lma.giIlg  of the protwtype  of the class, ‘1’ ‘J’a,uri,  also
indicates a dearttl  of CS (2--7 1) IIlolecular  li]le el[lissio]l  at the stellar positio]i  (vail
l,angeve]de  et al. 1993). l’roln excitation calculations that illcorl)orate  the results
of IRAM searches for eInissioIl  in higher rotatic]llal  CS trallsitiolls,  IIlake ct al.
(1992) infer molecular hydrogen densities of 104- 105 CIn-3, and CS fractio]lal
abundances * 10- 8 for  the gas around  H], ‘l’au. ‘1’hese values are typical for
standard cloud cores ill the ‘J’a.urus  region aJId i~nply  that the CS obscrvatio~ls
are probing all outer envelope rather than the circulnstella,r disk. ‘l’he IIlodels
imply that CS is depleted by factors of 25 - 50 ill the disk itself. AII attractive
possibility is that gas-phase CS is converted into other  sulfur-bearing I[lolecules,
as in the inner  part of the protc)-solar  nebula, (Harshay  & l,ewis 1976).

Modeling the millilneter-wave  molecular line elllissiol]  expected fro)n ])rotc)-
])lalletary  disks for colnpa,risoll  with aperture sy~lthcsis  observatiol)s of circun~-
stella,r  gas is likely to be Inost  effective lnethoc]  of esta,blishillg  the disk velocity
fields. Calculatiolls  of the ‘3C() (]--,0) elllissioll  expected fro][l a rotating  disk
have recently  bec~l carried out by IIeckwith & Salgelit  ( 1993b). A colllpariso]l  of
syntl]etic  aperture synthesis IIlaps based OJI these calculatioIls with 13C0 images of
the ‘J’ ‘1’auri star, GM Auriga,  show’ very good agreelncllt  (KoerIler  et al. 1993). It
appears that a ])roto-l)latle  ta.rLy disk of Inass 0.08 Jfm and radius N 200 AU c)rbits
this 0.7 ,140 star, although higher spatial and spectra] resolution l~laps are IIcedect
to remove all uncertainties fro)n this illterpretatiou.

Solnewhat  ullexpectectly,  the disk calculation of Hcckwith  & Sargent (1!393)
demonstrate that not only CO (1-+0) but also ‘:lCO (1+0) elnissioll  is optically
thick for disk ]nasses > 0.001 Al@. ‘1’his  suggests that CO aricl ‘3C0  intcrfero-
l~letric  observations to date have reflected only disk telnperature distributio]ls  ant]
have provided 110 information about  the density structure. ‘1’racing the density
variatiol]s  ill disks evide]itly requires observatiolls  ill rarer  isotopes, such as C’SO
or C]70,  that are Inuch less abuIldant,  with oJ)tically thin emissio]l.  l)relimillary
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IICO+” l~~alJso  frllrl`autiil  iclicateth  at,lllilike(~S,tl  ~issljeciesl[l  av})rovc!arc!  liable
density tracer (van IJangcvelde  d al. 1993).

Aclditiolla,l  support for the presence of disks around very you IIg  stars  is IIOW  be-

ing provided by obscrvatiwls  of spectral line e]llission at nmr-illfrarecl  wavelc[lgths.
As described above, these observations probe the velocity field of the inner  disk,
close to the star. F;chcdle spectrographs capable of achieving the necessary high
spcctml  resolution iu this wavelength band have OIIIY recently  begu Ii operatio]l.
Model fits to observations of the 2.2/1111 C() band-head e]nissio]i  from W], 16 by
Chandler ct aL (1993), for example, suggest all inuer  disk radius  0.04 A7J. Si]nila,r
observations of IIG ‘l’au by these authors are ]Ilore colllplicated to ][lodel but also
itldicate  the presence  of a disk.

4 Disk Evolution

Changing disk properties between the pre-planetary and clebris  extre]nes discussed
above should reflect the evo]utio]l  of the solar systun. IIi fact, there is 110 clear
indication of diminution of total disk Inass over the stellar age ra]lge spanned by the
Heckwith  ct al. (1990) survey, 2X 103- to 3 x 106 years. However, unexpectedly
IC)W 12 and 25/L fluxes are noted for a. number  of stars and may inclicate  a form
of evolution depletion  of dust ill the illl]er regions of the disks. Such “clearing’ )

could, in tur]l,  presage the cmset of planetary formation (Skrutskie  ct al. 1989;
Heckwith ct al. 1990i Stroln ct al. 1!393).  Stars with intler holes teud to clisplay
other characteristics of disk evolution, such as decreased accretio]l  activity i]] their
clisks  (cf Edwards et al. 1993; Strom ct al. 1993).

With age 2 x 106  years, GM Aurigae,  ]nwltioned above, is a]nmg the oldest
T l’a.uri  stars  ill the sa]rtples searched for disks. Although the lllass of the disk
remains  substantial, 0.08 M@, the SFH) for GM Aur suggests cleari]lg  of dust
within 0.36 AU of the star and there is little evidence of accretion (Heckwith  et
u/. 1990; Kocrner  ct al. 1993). Small-scale deviations of the near infrared fluxes
fro]n those i~[lplied  by filled-disk IIloclels  have bewl illterpreted  as signifying the
existence of gaps ill the GM Aur disk, perhaps the effect of forllling  planets  (Marsh
& Mahoney ]992). Although depressed near  and nlid-infrared  flux values call  be
explained by the combined effects of dust grail) opacity ant] vertical structure ill
the disks (Hess & Yorke 1993), it seelns likely that GM Aur is an exalllple of a
Itlore evolved star-disk systeln.

l)isk dissipatio~l  may also be aflected by F(J Orionis evel]ts.  ‘l’his phellonlenoll,
a sudden  brightening of a star by several ]nagnitudes , with a subsequent decrease
itl visual intensity lasting  for many years, is named for the objcc.t in which it was
first observed (Herbig  1977). Many of the properties of l(TJors  can be explained
by model in which an accretion disk surrounds a ‘1’ ‘1’auri star; the outburst is
correlated with dramatic increase in the disk accretion rate (Hartmann  k Kenyon
]985). ‘1’ l’auri  stars may experience numerous l“lJor evmlts  in their early evolutioli,
the disk material dissipating a little more with each outburst (cj Hartmamn et al.
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1993).  It is ]Iot clear h o w  t h i s  efl_ect WOUIC1 i]llpillge upon the  for]natio]l of a,
]Jlaneta,ry systmn,  but it is notable that infrared ancl optical spectroscopic, studies
of at least one l’iIJor,  VI(I57 Cyg, suggest Kep]eriall  rotatiou  (Ilartma]ln  &, KeItyoIi
1987).

l’urther  studies of 11’lJ orionis  objects are clearly in order. III additioli,  obser-
vations of disks around older stars,  and of systems for which the SF,II’S indicate
less Illassive  disks, are IIeeded. ‘1’hese will extend  studies of disk evolution  aud
establish the evolutionary path of the early solar nebula.

5 !l’he F u t u r e

With the launch  of l;SA’s infrared Space observatory (1S0)  and,  ill the ]nore
distant future, NASA’s Space infrared ‘1’elescol)e  l~acility  ( SIRrI’l”), infrared surveys
of the type pioneered by IRAS will colltiliue. ‘1’he higher resolutioli and sensitivity
compared to IRAS w’ill allow the deterl[linat,iou  of I[lore accurate coIltilluulll  S1;])’s
for a Inuch larger  of sample of possible pre-plalletary  disks. A wide range of stellar
ages aud masses will be e]lccmlpassed by these surveys, ]Ilevitab]y, these will
ilicrease the pool of objects for lnapping  and should greatly enha.]lce  our ktlowledge
of disk evolution.

Very few disks have been imaged to date. Because each of the lllillilrletc~r-~}’ave
i~tterferolneters  began operation with o~lly  a few telescopes , lnappillg  has bee~l a
laborious and tilne-collsumi]lg  process. All the arrays are currently exl)a]ldi]lg
and upgrading equipme]lt,  a]ld the V1,A is being Irlodified  for operation at ~ =
7 IIlm. As a result, illterfermnetric  surveys will be viable. ‘J’hese  will eliab]e  the
very sensitive searches for smajl-scale circu]nstellar  ~nateria] that are IIecessary
to improve our ullderstalldillg  of disk dissipatio]l, with obvious ilnplicatioxls  for
solar system evolutiol[. Such surveys will also  clarify how ]Ilauy  stars are likely to
support forming solar systems.

The upgraded improved millilneter-wave  arrays will also provide the very high
s~mtial  and spectra] resolutiol[ that are vital to detailed studies of disk properties.
AllaJysis of the velocity structure of the cool, outer disks will be readily ullderta,ken.
Studies of various molecular species will a~low studies of the telnperature,  density
a.~lcl che~nical  variations across these disks, ltl additio]l,  studies of the il[ller,  wrar]n
regions of pre-plmletary  disks will adavnce  as spectra] resolution at irlfra,red  wavel-
engths  continues to improve. It is alltipated  that the two Keck telescopes a]ld the
]+;uropean Southern Observatory’s Very l,arge Telescope will elrlploy a Ilumber of
s]na~l  out-rigger telescopes to carry out infrared i]lterferometry  and e]lab]e  ilna.ging
of these warm disks. ]JI terlns  of detecting  aud studying pre-p]anetary  disks, we
are on the threshold of a ]Iew scientific era.
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